§ 43. EJIEMEHTAPHI YACTUHKHA

Mw BXXe roBopuniv npo «BigKPUTTA Ha KiHUMKY nepa». [puKnagom Takoro BigKpuUTTa ana
nogen, wo xunm B XIX c1., 6yno BuABNeHHA HOBOI nnaHeTn — HenTyHa. KBaHTOBa me-
XaHika i Teopia BiAHOCHOCTI ganu ¢i3vkam y pyku «yapiBHe nepo», 4O3BONMBLUMN MACOBO
nepepbayaty icHyBaHHA HOBUX 06'eKTIB. [po Te, AKi enemeHTapHi YacTUHKK Byno BigKpuTo
diznkamm-TeopeTmkamu, ATUTEMETbCA B LiboMy Maparpadi.

AKi we 6yBaloTb enemMeHTapHi YaCTUHKN

Ha mouarky XX cCT., HOSCHIOIOUU OYIOBY
aroMa, MOro fAapa, OPOIEecHu paaioaKTUBHOTO
posnany i AJAepHUX peakKIiil, y4eHl ollepyBaJu
B OCHOBHOMY YOTHpPMa YaCTUHKaMMH: €JeKTpPOH,
IIPOTOH, HEUTPOH i (poroH. 3gaBayocsa 0, ix OyJ0
I[IJIKOM [JOCTATHBO [IJII NOSCHEHHS BCiX CIIO-
cTepesKyBaHUX ABUIN. AJie Ipupoja IiJgHOCHJIa
BUEHMM HOBI croopnpusu. Tak, AJd HTOsICHEHHSA
eKCIIEPUMEHTIB 3 OIIPOMiHEHHsI HEUTPOHAMU IIPO-
TOHIB 3HAA00MJIOCA IIPUIIYIIIEHHA IIPO iCHYBaHHSA
me3onie. 1la yacTuHKa OyJjia «BUrajaHa» SAMNOH-
cbKkuM (pisurom Xideki IOxkasorw (1907-1981). Io-
CHiJPKeHHA [}-posnajy 3MYCHUJIA IIBEeNIapChKOro
(disuxka Boavgranra Epucma Ilayni (1900-1958)
y 1930 p. «BuHaAWTH» YaCTHUHKY-(PAHTOM — Hell-
mpuHo. A OT eKcIiepuMeHTaJIbHe BUSABJIEHHA Hel-
TPUHO BiOyJ0oCcA MOHAM ABAAIATH POKIB IIOTOMY.

¥ 1928 p. aurmiicbkuii pisur 1oy AdpieH
Hipax (1902—1984), posp’a3youu 3agauy IIpo pyx
eJIEKTPOHA 31 MIBUAKICTIO, OJIM3BKOIO 10 IIIBUIKO-
cTi cBiTJIa, AIMIIOB BUCHOBKY HPO MOMKJIUBICTH
iCHyBaHHA B IPUPOJL HE TIJIBKU «3BUYAWUHOTIO»
eJIEKTPOHA, a 1 Moro aHTUIIOAA — AHTUYACTUHKU
eJIeKTpoHa. AHTHMYACTUHKA eJIeKTPOHAa JicTaJja
Ha3By no3umpoH. [IpuKMeTHOI0 PUCOI0 TO3UTPOHA
€ Te, IO B pasi 3ITKHEHHSA HOro 31 «3BUYaMHUM>»
€JIEKTPOHOM BifOyBaeTbCcA aHiziaAuis — dac-
TUHKHU TOBHICTIO IIEPETBOPIIOTHLCA HA EHEePriio
(3HMKAaIOTh i3 BunymieHHAM (oToHiB). OCKiIbKU
BCA Maca eJIEKTPOH-NIO3UTPOHHOI I1apu IepeTBO-
PIOETHCSA Ha (POTOHU, €Hepria nux (POTOHIB € AyIKe
BeJINKOI0. EKcmepuMeHTaJIbHE CIOCTEpPEeKEeHHS
IIO3UTPOHA BiiOyJIocA TiJIBKU uepes KiJIbKa POKiB
micasa ¥woro mependavenHs: y 1932 p. amepukasn-
cerkuil (isur Kapa [[esid Andepcon (1905-1991)
Mg 4ac JOCHi[»KeHHA KOCMIYHOIO0 BUIIPOMiHIO-
BaHHs CIOCTepiraB CJIiJi IIO3UTPOHaA B KaMmepi
Binbcona.

ITozuTpon

Ilosumpon € anmuwacmuH-
K010 eJleKMpPOHA.

e Maca mnDo3uTpoHa [OpiB-
HIOE Maci eJleKTpoHa, 3apsasn
IIO3UTPOHA 3a MOJAYJIEM [I0-
PiBHIOE 3apAAy eJeKTPOoHa,
aJjie € TO3UTUBHUM.

e IcayBaHHA MMO3UTPOHIB
Oyso mepenbauerno B 1928 p.
Y 1932 p. nosuTpoH OyB BHU-
SABJIEHUN y CKJaAl KOCMiu-
HOTO BUIIPOMiHIOBAHHS.

e Enextpon (P -yacTuHKA)
i mosurpon (B'-uactmuka)
MOXKYTh YTBOPIOBATHCS BCe-
peauHi Aapa:

v\ @JIeKTPOH  YTBOPIOETBLCS
BHACJIIOK IePeTBOPEHHS
HEHUTpPOHAa — Yy pesyJbTaTi

3’ABJIAIOTHCA IIPOTOH, €JeK-
TPOH 1 aHTUHEHUTPUHO:
+
6,701’
\\ o6
® ~
v

1 1 0., 0=
o= 1P+ _je+ oV
v 1O3UTPOH YTBOPIOETHCA

BHACJIJIOK II€PETBOPEHHS IIPO-
TOHA — Y pe3yJbTaTi 3’sBJIs-

IOTbCA HENUTPOH, TO3UTPOH
1 HEUTPUHO:
+ n
P _»Q
A o et

\.

A%

ip—in+ Je+dv



Ak 3gincHnTn Knacndikayilo enemeHTapHUX 4YacTUHOK

ITicia crBopeHHA B 50—60-x pp. XX CT. MOTYKHUX ITPUCKOPIOBAYiB Bij-
KPUTTS HOBUX eJIEMEHTAPHUX YaCTUHOK CTaJIO BiIOyBaTUCA IYIKe 4acTo. 3 OJHOI0
00Ky, IIe IPUMEHIIINJIO POJIb KOKHOI0 HOBOT'O BiIKPUTTS, a 3 1HIIION0 — BUHUKJIA
HeoOXimHiCTh 3AIMCHUTU cucTeMaTusalliio. Byjlo 3anpomoHOBaHO HAWIIPOCTIIy
KJacu(ikalliro — posTanryBaHHA YaCTUHOK Yy IOPAAKY 30ijbinieHHA Macu. «llos-
HUH IIepesik» eJIieMeHTapHUX YacTHUHOK OyJio po30MTO HA TPU T'PYIIHU.

Y mepurii rpymni onMHUJIACh TIJIBKW OJHA YaCTUHKaA — (POmMOH 13 HYIBO-
BOIO Macoio. [lo Apyroi rpynu yBiHIIJIM BiIHOCHO JIETKi YaCTUHKHU, AKi Oyaum Ha-
3BaHi senmonamu (Bifg rpeu. leptos — nerkui). Bam BijoMuil npejcTaBHUK Ii€l
rpynu — eJeKTpoH. TpeTd rpyna 4aCTUHOK — HaWBa’sKUYMUX — OJepsKaJjia Has3BY
adponu (Bim rpen. hadros — Benukuii, cuiabHuu). Ileit Tepmin, g0 peui, yBiB
pagsaHcbKUN (Gisuk Jlee Bopucosuw Oxkynv (1929-2015). IlpencraBHUKU Irpynu
aJpoHiB BaM a00pe 3HAWOMiI — HYKJIOHU.

'.) HagepiTe npuk/iagyu pisHUX KJjacu@ikaiiii, 3 AKMMHA BU O3HAMOMMJIMCA IIiJ 4yac
BHUBUYEHHS IIPUPOAHUYUX HAYK. AKMMHU € IPUHIUOHN TOOYI0BH KOYKHOI 3 HUX?

Cuin 3a3HAYMUTHU, IO BCi YACTUHKHU, SIKi HECYTHh €JeKTPUUYHHUN 3apAn, 0epyThb
y4acTh B esleKkmpomaznimuiil 63aemodii. Hociamu ejleKTpomMarsiTHOI B3aeMozii € ¢o-
TOHU. ¥ Caa0Kiil 83aemodil OepyTh y4acTh yCi eJleMeHTapHI YaCTUHKHU, OKpiM (oTo-
HiB. Jlo aApoHiB BiJHOCATH YACTUHKU, Ki, OKPIM TOT0, 3JaTHI 0 CUIbHOL 83A€MODIL.

IIponmoryOTH TAaKOXX Aemio iHIIiI KJjaacupikailil ejieMeHTaAapPHUX YaCTHUHOK
(nuB., HanpukJaan, puc. 43.1). Hemae cymuiBiB, mo 3aBgaxku Benukomy azgpos-
HOMY KoJaiiiepy OyayTh po3po0JieHi HOBi, OiJIbII JOCKOHAJI Teopil Kiaacudikailii
eJIeMeHTaPHUX YaCTUHOK.

EJIJEMEHTAPHI YACTHUHKHA
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H lLlo Take KBapKku

Y nocaigax i3 BUBUYEHHS PO3CIIOBaHHSA
IysKe MBUAKUX €JeKTPOHIB Ha agpoHax (a came
Ha IIPOTOHAX i HEUTpPoHAaX) OyJI0 BUABJIEHO, IO
OisbIlIa YacTUHA eJeKTPOHIB ITPOXOAUTH KPil3b
IIPOTOHU Ta HEUTPOHMW, HE 3a3HAIUYU iCTOT-
HUX BiIXWJIeHb, a HEBeJIMKa 1X YacTHUHa PO3-
ciloeThbCcsA Ha AKUXOCH IeHTpax. Ileit pesyabrar
OyB cxo)kuil Ha peadyJsbraTu gociainis E. Pesep-
(opma 3 mocaigyKeHHA PO3CiIOBAaHHS O-YACTUHOK
mig gac iX HDpoxomykeHHS Kpish aromu. [las  Puc. 43.1. Mappi lfenn-MaHH
NOoACHEHHA TaKMX BJacTuBocTeir azaponin (1929-2019), amepukaHcoknit ¢isuk,
y 1964 p. 6ymo pospobieHo moxenb, AKa mic-  /1aypear HobGeniscbKoi npemi'l'.a, ¢i§fflxm
TaNa HAsBY meopis keapkie. ABropamMu Teopii 32 BIAKPUTTA cucTemi Knacudikauli
Oynm amepuKaHChKiI BueHi Mappi Tenn-Maun enemgHTaqu?f qaCT"',HOK' Onn i3
(puc. 43.1) i Joucopdxe Ieeir (mapox. 1937 p.).  2BTOPIB TEOPIl KBAPKIB

KBapkaMu BuUeHi Ha3BaJU TPU «CIIPABXKHi» eJleMEHTapHI YaCTUHKH, 3 AKUX
OyayioTbcsa Bei agporu. 11i vacTuHKM OyJio nmosdHayeHo OyKBaMu u, d i s (Bijg aHTI.
up — yropy, down — yHU3, strange — nuBHui). OgHaK 3ro/loM TPhOX KBapKiB BU-
SIBUJIOCS HEJOCTATHBLO AJIA IIOACHEHHS BJacTUBOCTel aapoHiB. HeoOxigHuM craJjio
IIPUITYCTUTH iCHYBaHHA Ife KiJbKoX KBapkiB. Ilicis mporo B Teopii 3’ABHINCH
anmukxkeapku. lloriMm 3HamOOMIOCA NOSACHUTU INPUYUHH O0’€JHAHHA KBapKiB
B aJpoHU. BinmoBiHO 0 CydyacHUX ysBJIEHb, IIe Bi0OyBa€eThCA 3a JOIOMOIOIO IIe
OQHOT0 THUIYy YaCTUHOK — 2/2100Hi68 (Bix aHTI. glue — KJel). YpemIrTi KiJbKicTb
«CIIPaBIKHIX» eJeMeHTapHUX YaCTUHOK 3HOBY 3pocJa.

He 3azHauaroum BCix geraJjieil, 3BepHEMO yBary JHIlle Ha OJHY OCOOJHUBICTH
KBapKiB: 3apAJ IIUX YaCTUHOK He I[LJINH (B eJIeMeHTAapHUX 3apdAgax), a Apo0oBuii
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i mopiBHIOE +§e abo ——e, e e — eleMeHTapHuil 3apsan. Hanpukmaanm, 3apsan

d-kBapka jopiBHIOE —1/3e, u-kBapka — +2/3e, s-kBapka — —1/3e. KoxxHuit Hy-
KJIOH CKJIQJAEThCA 13 TPhOX KBapKiB: IMPOTOH — 13 JABOX WU-KBApKiB 1 OJHOTO
d-kBapka (p=uud), HeUTPOH — i3 ABOX d-KBapkKiB i ogHOrO U-KBapka (n=udd).

n Wo pani

HesBarkaoum Ha BeJMKUHN 00CATr HAKONMYEHUX 3HaHb, cydyacHa (pismka
e Jay’Ke aaJjieKka BiJl JOCKOHAJOCTi. 3amOBiTHOI MPpi€r OiJbIIOCTI BUAATHUX
¢isukiB Oys0 i 3a/JUIIAETHCSA CTBOPEHHSA €IMHOI Teopil — TaK 3BaHOI «Teopil
BCHOTI'0», 3a JOIIOMOIOI0 AKOI MOKXHa Oyno 6 mosgcHUTHU Bci aABuina y Bcececniri.
Tak, ocTaHHE JECATHUPIUYYS CBOTO KUTTA UM 3aiimMaBca AJbOept EffHNITEIH.
IleBHUX ychmixiB y IIbOMY HAOpPAMi BiKe JOCATHYTO B OCTaHHI pokm: y (isui
eJIeMEeHTapHUX YaCTUHOK cTBOpeHo CTaHIapTHY MOJEJ b — Teopilo, 1o 00’egHYE
CUJIbHY, CJIA0OKY I eJIeKTPOMAaArHiTHY B3aeMOJii eJeMeHTAapHUX dYacTUHOK. Ha
croronHi CraHmapTHaA MOJeJb Y3rOJKYETHCA 3 €KCIepUMeHTaMU, i HeJaBHE
BiAKpuUTTA 60030HaA ['irrca € scKkpaBuUM IiATBepAKeHHAM I1boro. IIpore moremep
(hisuKm He MOYKYTh HOJACHUTU NPUPOAY TEMHOI MarTepii, MOXOAKEeHHSA BUCOKO-
eHepreTUYHUX KOCMIYHMX YAaCTUHOK i 6araro iHmoro. Tomy BueHI HaMaramThCA
BuiiTH 3a Mmexki CranmaprHOoi mozesi. Tox yekaemMo Ha HOBi BigkpuTTA!
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“ e TeopeTnuHi po3poOKM B rajiysi KBaHTOBOI MeXaHIiKM JO3BOJIUJIHN mepexnda-
YUTH iCHYyBaHHA 0araTboxX eJIeMeHTapHUX YaCTUHOK (IO3UTPOHA, HEHTPUHO), AKi
noTiM OyJin BiIKPUTI B pe3yJbTaTi eKCIEePUMEHTAJbHUX JOCJIiKEHb.

e EnemeHTapHi YacTMHKU MOJKHAa IOAIJUTH Ha JIeKiJIbKa I'pyl, 30KpeMa:
(¢oron; sentonu; agpoHu. o agpoHIB BiHOCATH YACTUHKHU, 3JaTHI A0 CHUJIBHOIL
B3aeEMOMil, A0 JeITOHIB — YacTUHKH, HEe 3JaTHI J0 CHJIBHOI B3aeMOil.

e Jlna mosicHEHHS EeKCIIEPUMMEHTIB i3 po3CiloBaHHsS Ha aJpoHaxX (IpoToHaX
1 HelTpOHAX) BUCOKOEHEPreTUYHUX EeJIEKTPOHIB OyJI0 BUCYHYTO TiloTe3y IIPO
icCHYBaHHSA HOBOTI'O TUITY eJIEMEHTAPHUX YaCTUHOK — KBapKiB.

Mip6buBaemo nigcymkn

KoHTponbHi 3anuTaHHA

,L‘Z@ 1. IIlo Ha3MBaOThH €J1eMEHTAPHOIO YaCTHHKOI0? 2. SIKy YyacTHHKY Ha3WUBaIOTh IIO3U-

"L @ rtponom? YuMm BoHaA BifpisHAeThCHA Bif eexTpoHA? XTO MEPIIMM HpPeAOAYMB i XTO
IIEePIIUM CIIOCTepiraB I 4JacTHHKY? 3. fIKi 4YacTUHKM HA3WBAIOThH JIEITOHAMU?
4. fIxki vactTuHKku HasuBaloTh agpoHamu? 5. IIlo rake kBapkmu? fKi 3apagu MaTh
KBapku? HasBiTh 3aCHOBHHUKIB Teopii KBapKis.

MPO®ECIT MANBYTHbOIO

Qaxiseub i3 po3pobKN HAHOTEXHONOTIN

Mam'aTaeTte, Wo o3Hayae npedikc «HaHoO-»? HewopaBHO UUM Tep-
MIHOM KOPUCTYBanocs TiNbKn obmexeHe kono daxisuis 3 agepHoi ¢i-
31Kn. 3apas iHpopmauito NpPo HOBi HAHOMaTepian MoXKHa 3HaNTK MalxKe
B KOXHill raseTi Ta HaBiTb y rmAHUeBMX XypHanax. besymoBHo, cdepa
3aCTOCYBaHHA HaHOMaTepianiB TiNbKW WUpLIATUME, a ¢haxisyi 3 po3pobKu
HaHomexHonozit 6yayTb NOTPiOHI We aoBri poku. Po3pobka HaHomaTe-
pianis i BignoBigHWX TexHONOrin NOTpebye 3HaHb NPAKTUYHO 3 YCiX pO3-
AiniB Gi3nKkn: mexaHiky, enekTpuky, TepMoagnHamiku, aaepHoi Gisnku.




